Introduction
The number and arrangement of setae on the mesonotum are used in generic diagnosis and identification of the family Dolichopodidae. Moreover, the patterns of setae arrangement in flies have a long evolutionary path and should be used to study the phylogeny of the subfamilies and genera (Simpson et al., 1999) .
Some chaetotaxy character states are common to all members of the family. Most often, there are one humeral, two supraalar, one postalar, and two notopleural setae ( Figure 1 ). Typically, there are also one or two posthumeral and one presuturar intraalar setae. Reduction of the presutular or sutural setae was observed in some species.
Dipterous representatives from the family Dolichopodidae have from three to seven (or more) pairs of dorsocentral setae. It is often observed that two pairs are presutular and four pairs are postsutular; however, sometimes one, two, or three anterior pairs are absent, and the fifth pair is moved to the middle of the mesonotum or is absent. Acrostichal setae are usually much shorter than dorsocentral setae and, in some cases, are hardly visible; in fact, they are shorter than the interval between them, and acrostichal setae are either arranged in one or two series or are completely absent.
The number of scutellar setae and the presence of setae or hairs on the anaproepisternum (upper part of propleuron) and the kataproepisternum (lower part of propleuron) are both important diagnostic characters Negrobov, 1977, 1980) . Representatives of the family Dolichopodidae usually have one well-developed pair of medial (internal) scutellar setae and one pair of smaller lateral (outer) scutellar setae. However, two lateral setae can be absent or can be as long as medial setae. The anaproepisternum can have hairs or setae on the top of the base of the fore coxa. Sometimes there are one or more setae on the kataproepisternum (Figure 2 ).
Several character states of thorax chaetotaxy can vary within genera, such as the number of hairs on the humeral tubercle. Other character states are stable among the representatives of many genera, while varying among the representatives of other genera (Negrobov, 1979) .
Materials and methods
A study of 270 species belonging to 210 genera of the Dolichopodidae family was conducted to examine the characters of thorax chaetotaxy (Table) . The outgroup for this study consisted of six species broadly belonging to six genera of the family Dolichopodidae, the subfamilies Microphorinae and Parathalassinae, and four species of the family Empididae.
The following characters were studied: presence and arrangement of acrostichal setae; number of pairs of dorsocentral setae; number of presutular intraalar, supraalar, notopleural, and postalar setae; presence of sutural, humeral, and posthumeral setae; and number and degree of scutellar setae.
The data obtained were statistically analyzed. Data on the number and presence of dorsocentral, acrostichal, and scutellar setae are the most representative. These characters are widely used in taxonomy. Therefore, statistical analysis was carried out on this basis. Other chaetotaxy characters play a secondary role in the diagnosis and were thus considered complementary. A scatter plot was used for data visualization (Statistica 10). It was necessary to rank the data on the amount and degree of scutellar setae. Data were ranked from 1 to 7 according to the following scutellum criteria: (1) two strong medial setae; (2) two strong medial setae and two very short lateral setae; (3) two strong medial setae and two lateral setae, at least 1/3 of the length of the medial; (4) two strong medial setae and two strong lateral setae; (5) two strong medial setae and four short lateral setae; (6) two strong medial setae, as well as two strong and two short lateral setae; and (7) two strong medial setae and four strong lateral setae.
Ranking the data was similarly performed by a number of acrostichal setae series. It was discovered that more primitive species (e.g., species of the family Empididae and some species of the subfamilies Parathalassinae, Sciapodinae, and Hydrophorinae) all have 2, 3, or 5 irregular series of acrostichal setae (the character states are ranked in the graphs as "-2", "-3", and "-5", respectively).
Some species of the subfamily Microphorinae and the family Dolichopodidae are broadly characterized by one irregular series of acrostichal setae (this is designated in the graphs as "-1"). The absence of acrostichal setae and the presence of one or two regular series of acrostichal setae were designated as "0", "1", and "2", respectively.
It should be noted that the number of dorsocentral setae for the considered species varied from 3 to 17 pairs. Most of the Dolichopodidae species are characterized by 5-7 pairs of dorsocentral setae. If there were more than 7 pairs of dorsocentral setae, the variation would be designated as "8", to provide more compact data imaging.
Results and discussion
An analysis of the data scattering shows that the ratio of character states was distributed as follows. Most of the Dolichopodidae species are determined by two regular series of acrostichal setae. The combination of two series of acrostichal setae, six pairs of dorsocentral setae, and two strong medial and two short lateral scutellar setae is the most frequent. The combination of two series of acrostichal setae and five pairs of dorsocentral setae is less frequent; nevertheless, it is significant among the considered species (Figure 3 ). It was noted that the presence of 3-4 pairs of dorsocentral setae, which was discovered in some species of the subfamilies Medeterinae, Sympycninae, and Kowmunginae, often correlates with the absence of acrostichal setae (Figure 3) . However, in this case, there was no correlation with the degree of development of scutellar setae.
Some species of the subfamily Hydrophorinae, such as Anahydrophorus (Becker, 1917) and Hypocharassus (Mik, 1879), which have two irregular series of acrostichal setae and 12 or 17 pairs of dorsocentral setae, are singled out. The species with developed lateral scutellar setae are frequently observed in this subfamily. This combination of character states is also typical of some Empididae species.
Two strong medial and two short lateral scutellar setae, the length of which is less than 1/3 of the length of the medial (character states numbers are 2 and 3), are the most frequently observed character states of the family Dolichopodidae. The combination of the scutellar setae character states and the number of dorsocentral setae is standard for the family: 5-6 pairs of dorsocentral setae as well as two strong medial and two short lateral scutellar setae, the length of which is less than 1/3 of the length of the medial (Figure 4) .
Developed lateral scutellar setae can be combined with any number of dorsocentral setae pairs and any arrangement of acrostichal setae. The presence of six pairs of differently developed scutellar setae (character state numbers are 5 and 6) is quite rare, and is observed only in the subfamily Hydrophorinae. This character state is an intermediate modification among three pairs of developed setae and two pairs, only one pair of which is developed.
A comparative analysis of the morphology of the family Dolichopodidae and other taxa allowed the determination of apomorphic and plesiomorphic character states of thorax chaetotaxy.
In taxa of a higher evolutionary level, acrostichal setae are well developed and arranged in 2 regular series. The presence of two irregular series of acrostichal setae, as seen in some species of the subfamilies Diaphorinae and Hydrophorinae, is the plesiomorphic character state.
The presence of species whose acrostichal setae are arranged in two irregular series on the anterior part of the mesonotum and in one series on the posterior part (Teuchophorus monochaetus Negr., Empis limata Coll.) indicates that one of the evolutionary branches of thorax chaetotaxy has been the formatting of a single series of acrostichal setae. Irregular acrostichal setae arranged in a single series (some species of Xanthochlorus; Loew, 1857) can be identified as intermediate modification between two series of irregular acrostichal setae and one regular series.
It should also be noted that some subfamilies (Medeterinae, Achalcinae) are characterized by the presence of two regular series of acrostichal setae or the absence of acrostichal setae. There are species with two evident series of acrostichal setae (Medetera apicalis Coll., M. pallipes Zett.), and species with reduced acrostichal setae (M. flavipes Meig., M. micacea Lw.) in the genus Medetera (Fischer, 1819) . This fact allows the assumption that another branch of evolution was the transition from two regular series of acrostichal setae to the complete absence of acrostichal setae.
Most Dolichopodidae representatives have evident dorsocentral setae, both before the suture (1-2 pairs of dorsocentral setae) and after (3-4 pairs of dorsocentral setae). This modification of character states should be acknowledged as apomorphic. A large number of small dorsocentral setae (as seen in some Hydrophorinae species) constitutes a plesiomorphic character state. A reduction of dorsocentral setae in the anterior part of the mesonotum (as seen in some Sciapodinae species) can be considered the transitional form between species with 6 developed pairs of dorsocentral setae (as seen in the Dolichopodinae species) and those with only 3-4 developed pairs of dorsocentral setae.
Furthermore, the following apomorphic character states were identified: one pair of developed scutellar setae and one postalar seta are present, the anaproepisternum is bare, and the number of supraalar and notopleural setae is 1-2. Plesiomorphic character states are the following: notopleural and supraalar setae are located in a series, more than one postalar seta and several pairs of well-developed scutellar setae are present, and the anaproepisternum has a group of setae or hairs.
The Sciapodinae and Dolichopodinae species have the maximum number of apomorphic character states. However, the presence of setae on the anaproepisternum and a group of hairs on the ventral part of the metaepisternum above the hind coxa is an important characteristic of the subfamily Dolichopodinae. While the anaproepisternum of the subfamily Sciapodinae species is bare, sometimes having 1-2 strong setae, the plesiomorphic character states of acrostichal and dorsocentral setae are often observed. Many Sciapodinae species have well-developed acrostichal setae, whose length is equal to that of dorsocentral setae; this is also considered a plesiomorphic character state.
In general, the subfamily Hydrophorinae is characterized by plesiomorphic character states, such as short acrostichal setae, often arranged in irregular series. The number of dorsocentral setae is often higher than five pairs, and, in some species, higher than 7 pairs. Morphological abnormalities are found in the subfamilies Hydrophorinae and Diaphorinae: some representatives of these subfamilies have 4-6 pairs of lateral scutellar setae, one or two pairs of which can be developed as medial setae.
The subfamily Diaphorinae has a number of apomorphic character states of thorax chaetotaxy. Thus, representatives of the subfamily often have two series of well-developed acrostichal setae. Dorsocentral setae are also well developed; there are presutular and postsutular dorsocentral setae in the species of Diaphorinae. There is a group of genera in the subfamily that is characterized by bare anaproepisternum.
Chaetotaxy of the anaproepisternum of Diaphorinae species should also be noted, as it allows the selection of the taxonomic unit within the subfamily. Therefore, the anaproepisternum has a group of hairs in the species of the genera Argyra (Macquart, 1834), Dactylonotus (Parent, 1934 ), Falbouria (Dyte, 1980 , Keirosoma (Van Duzee, 1929) , Ostenia (Hutton, 1901), and Somillus (Brethes, 1924) , whereas it is bare in the other genera of the subfamily.
Representatives of the subfamily Achalcinae often have two evident series of acrostichal setae, whereas many representatives of the subfamily Peloropeodinae, including the type genus of the subfamily, are characterized by one series of acrostichal setae. The acrostichal setae can also be absent. Thorax chaetotaxy of the subfamily Rhaphiinae is better developed in comparison to the subfamily Neurigoninae, but both subfamilies have many common character states. Therefore, in most cases, acrostichal setae are arranged in two regular series, although the acrostichal setae of the Neurigoninae species are shorter, and there are usually 5-6 pairs of dorsocentral setae. Some representatives of these subfamilies have a group of hairs on the kataproepisternum.
Species of the subfamily Medeterinae are remarkable in having a bare anaproepisternum. The variety of chaetotaxy character states within the genus Medetera (Fischer, 1819) shows that the genus is paraphyletic. A study by Pollet et al. (2011) , based on molecular data, showed the same results. Some researchers use this variety as a foundation for the subdivision of the genus into monophyletic groups of the species (Bickel, 1985 (Bickel, , 1987 , or to single out the allocation of new genera (Grichanov, 2010 (Grichanov, , 2011 .
The subfamily Sympycninae has a number of plesiomorphic character states of thorax chaetotaxy. In addition to the plesiomorphic character states of the subfamily Xanthochlorinae species, the Sympycninae species often have well-developed lateral scutellar setae.
Our research cannot discover all the relationships among the subfamilies; nevertheless, these results are partly consistent with the data in the literature. Thus, the subfamilies Sciapodinae and Dolichopodinae are well-supported groups and were separated from other subfamilies (Wang et al., 2007; Negrobov et al., 2014) . Depending on the analysis technique applied, Rhaphiinae was placed near Medeterinae or Neurigoninae on the phylograms (Lim et al., 2010) .
Subsequent analysis of thorax chaetotaxy designates the diagnostic characters for the subfamily level. These criteria should be used in addition to other characters to build a cladistic tree of the family. Character states are summarized based on the present study in the following format: (1) apomorphic state; (0) plesiomorphic state.
1. Acrostichal setae regular biseriate (1); acrostichal setae irregular or uniseriate (0).
2. Acrostichal setae short, sometimes hardly visible (1); acrostichal setae strong, longer than distance between them, sometimes acrostichal setae as long as dorsocentral setae visible (0).
3. 1-2 pairs of presutural dorsocentral setae and 3-4 pairs of postsutural dorsocentral setae are present (1); more than 7 pairs of short dorsocentral setae (0).
4. Anaproepisternum without group of hairs (1); anaproepisternum with group of hairs (0).
5. Group of hairs on ventral part of the metaepisternum absent (1); group of hairs on ventral part of the metaepisternum present (0). 5. Lateral scutellar setae short or absent (1); lateral scutellar setae strong (0).
Our results show that the characters of the subfamilies Dolichopodidae require further discussion, and future taxonomic research needs to use a wider range of morphological characters. More detailed analysis of head, wing, and genitalia morphology will allow for further allocation of diagnostic characters to subfamilies' levels when building a cladistic tree.
